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ABSTRACT 
An Electromyographic Study of Forward vs Retrograde 
Stair Climbing on the StairMaster 4000 PT Machine 
W. Lynette Rasmussen Thornburgh 
The purpose of this study was to investigate, 
through electromyography, whether forward or retrograde 
stair climbing on the StairMaster 4000 PT machine 
demonstrates a greater muscle contraction duration, 
differences in intensity of muscle contractions, or 
variation in initiation of muscle contractions. The 
muscles examined were the Rectus Femoris, Vaatus 
Medialis, and Biceps Femoris. A gender difference was 
also evaluated. 
Twenty-one subjects apparently healthy volunteered 
for this study. There were two groups of ten male 
subjects and eleven female subjects. Subjects were 
assigned to subgroups according to gender. The 
subgroups determined which position the subject was 
teated in first. 
The descriptive data was analyzed using the Stat 
View TM SE+ Graphics. A repeated measures design was 
used to analyze On Time in seconds and percentage, Off 
Time in seconds and percentage, Muscle Initiation Time 
in seconds, and Average Mean Amplitude (muscular 
intensity) in centimeters. A MANOVA from SPSS was used 
to evaluated the repeated measures statistics. 
There was a statistically significant difference 
for the On and Off Time for Rectus Femoris. Vastus 
Medialis, and Biceps Femoris. The data suggests a 
longer portion of on time for the retrograde position 
and a longer portion of off time for the forward 
position. There was a staistically significant 
difference for Average Mean Amplitude for the Rectus 
Femoris and Vastus Medialis. The data suggests a 
greater muscular intensity in the retrograde position. 
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CHAPTER 1 
INTRODUCTION 
Climbing stairs and running stadium steps have long 
been promoted by coaches as a conditioning tool to 
prepare athletes for competition. Dr. Kenneth Cooper 
was the first exercise physiologist to promote stair 
climbing as an aerobic exercise to strengthen muscles 
and build endurance (Williams, 1989). At the time, 
however, there was no exercise equipment to replicate a 
flight of stairs. "The beginnings of a solution came 
in 1983, when the Tulsa-based StairMaster company 
pioneered the stair-climbing machine. The first model 
looked like a three-step escalator, and the steps 
revolved like a treadmill" (Williams, 1989). Only 
people who were very fit could keep up with this 
machine. Thus, in 1986 StairMaster introduced the 4000 
PT, which is simpler and easier for the general public 
to use. 
The popularity of stair climbing machines has 
increased during the last six years and the Stairmaster 
4000 PT is the most popular equipment (Sussman, 1990; 
DeBenedette, 1990; Williams, 1989; Burfoot, 1990; and 
Consumer Reports, 1992). The work on a stair climber 
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is done by the body's large muscle groups in the back, 
buttocks, thighs, and lower legs. "#People may find 
that a high-intensity workout can be achieved more 
quickly and maintained longer,# says Michael L. 
Pollack, PhD, professor of Medicine at the University 
of Florida Medical School in Gainesville. 'In 
contrast,# he (Pollack) says #stationary cycling tires 
one muscle group (the quadriceps), which can discourage 
riders and limit intensity#" (DeBenedette, 1990). 
The StairMaster 4000 PT is now a standard piece of 
equipment in fitness/health centers. The Stairmaster 
4000 PT is used for cardiovascular training (Holland et 
al, 1990), strengthening muscles (Williams, 1989), and 
in a rehabilitation setting. StairMaster Exercise 
Systems claims that the 4000 PT will strengthen and 
condition 18 muscles including the heart and lower 
extremity musculature without the inertial loads and 
skeletal trauma to bones and articulations common to 
most aerobic activites (StairMaster Owner#s Manual, 
1990). 
The benefits make the StairMaster 4000 PT practical 
for use in a rehabilitation setting when there are 
indications that the cardiovascular system of the 
patient needs to be improved. It is necessary to 
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insure that the patient-a balance is established (so 
that the patient does not fall off of the machine). 
Since the 4000 PT has computer-controlled speeds from 
26 to 138 steps/minute, the speed is adjustable to the 
patient-a level of fitness. Variability of speed will 
accommodate the cardiovascular capacities of most 
patients. The StairMaster may also be used in the 
later stages of rehabilitation of a lower extremity 
injury by developing strength in the lower extremity 
muscles. 
Purpose of the Study 
Use of the 4000 PT for rehabilitation may employ 
retrograde (backward or reverse) stair climbing. Many 
practitioners claim that retrograde stair climbing on 
the 4000 PT StairMaster will cause the intensity of the 
muscle contraction to increase in the lower extremity 
muscles. The purpose of this study was to investigate, 
through electromyography (EMG), whether forward or 
retrograde stair climbing on the Stairmaster 4000 PT 
machine demonstrates a greater muscle contraction 
duration, differences in intensity of muscle 
contractions, or variation in initiation of muscle 
contractions. The muscles examined were the Rectus 
Femoris, Vastus Medialis, and Biceps Femoris. 
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A gender difference was also evaluated. Due to the 
differences in Q-angle between genders, Q-angle was 
evaluated to observe possible differences in the normal 
population. Males have a normal Q-angle of 13 (177) 
degrees. Females, because of wider hips and pelvises, 
normally have a Q-angle of 18 (172) degrees. The 
Q-angle in the lower extremity has an effect on 
patellar tracking and eventually the quadriceps muscle. 
An increased Q-angle may cause abnormal tracking, which 
may increase orthopedic proplems in the knees. 
Null Hypotheses 
1. There is no difference between muscle 
contraction duration (on and off time) in the these 
muscles investigated through EMG analysis when stair 
climbing forward and retrograde on the StairMaster 4000 
PT. 
2. There is no difference between the average mean 
amplitude of EMG signals of the these muscles in EMG 
analysis when stair climbing forward or retrograde on 
the StairMaster 4000 PT. 
3. There is no difference between muscle 
initiation cycles in the these muscles investigated 
through EMG analysis when stair climbing forward and 
retrograde on the StairMaster 4000 PT. 
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4. There are no gender differences in muscle 
contraction duration, average mean amplitude, and 
initiation of the muscle when comparing forward and 
retrograde stair climbing on the StairMaster 4000 PT. 
Need for the Study 
There have been relatively few research studies 
exploring the effects of the StairMaster 4000 PT as a 
piece of exercise equipment. Thia is especially true 
in the area of EMG analysis of muscular involvement 
with stair climbing equipment. This study attempted to 
determine the difference in muscular involvement of 
major lower extremity muscles in forward and retrograde 
stair climbing on the StairMaster 4000 PT machine. 
Limitations of the Study 
The limitations of this study were as follows: 
1. The Physiograph MK-III-S (NARCO Bio-systems) 
only had three channels, which enables the study of 
three muscles at one time. Developers of the 
StairMaster 4000 PT cite benefits for eighteen 
different muscles. Due to equipment limitations, only 
the rectus femoris, quadriceps femoris, and vastus 
medialis muscles were studied during the present 
investigation. 
2. The EMG data was hand evaluated. 
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3. The hot July day on which that testing was done 
caused sweating before some of the subjects came into 
the second testing session. This caused movement 
artifact in the EMG readings of four subjects. The EMG 
readings of two subjects had too much artifact to read 
and were not included in the final data. Partial data 
from two other subjects were used. Data from one 
muscle were used with one of the subjects. Data from 
two muscles were used with the other subject. 
4. A skipping pen left open spaces on two of the 
subjects· readings. One subject did not have enough 
cycles to evaluate; therefore, her data was not used. 
The other subject·s data were used even though only 
seven cycles could be found to evaluate. 
Definitions of Term.a 
Ayerage Muscle Firing Rate - "The parameter which 
represents the inverse value of the interpulse 
interval" (Basamajian and De Luca, 1985). 
Bipolar Electrode - "One which consists of two 
detection surfaces" (Basmajian and De Luca, 1985). 
Distal - "Farthest from a center, from the midline, or 
from the trunk" ( Arnhe im, 1989 ) . 
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Electrode - "A device or unit through which an 
electrical current enters or leaves an electrolyte, 
gas, or vacuum" (Basmajian and De Luca, 1984). 
Electromvographic CEMGl Signal - "The name given to the 
total signal detected by an electrode. It is the 
algebraic summation of all Motor Unit Action Potential 
Trains (MUAPTs) from all active motor units within the 
pick-up area of the electrode" (Bamajian and De Luca, 
1985). 
Extension - "To straighten; when the part distal to a 
joint extends, it staightens" (Arnheim, 1989). 
Flexion - "To bend; when a joint is flexed, the part 
distal to the joint bends" (Arnheim, 1989). 
Forward Stair Climbing - Subject stands facing the 
console or front of the machine. 
Gonoimeter - An instrument used to measure joint 
angles 
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Leg Length - The length of the leg from Anterior 
Superior Iliac Spine (ASIS) to the medial malleolua. 
Motor Unit - "The term used to describe the single 
smallest controllable muscular unit. The motor unit 
consists of a single alpha-motor neuron, its 
neuromuscular junction, and the muscle fibers it 
innervates (as few as 3, as many as 2000)" (Basmajian 
and De Luca, 1985). 
Motor Unit Action Potential CMUAPl - "The name given to 
the detected waveform consisting of the spatiotemporal 
summation of individual muscle fiber action potentials 
originating from muscle fibers in the vicinity of a 
given electrode of electrode pair" (Basmajian and De 
Luca, 1985 ) . 
Motor Unit Action Potential Train CMUAPT) - "The name 
given to a repetitive sequence of Motor Unit Action 
Potentials (NUAPs) from a given motor unit" (Basmajian 
and De Luca, 1985). 
Mµecle Fiber Action Potential or Motor Action Potential 
<MAP> - "The name given to the detected waveform 
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resulting from the depolarization wave as it propagates 
in both directions along each muscle fiber from its 
motor end plate" (Baamajian and De Luca, 1985). 
Muscle Activation Duration - "The amount of time over 
which a waveform presents detectable energy" (Basmajian 
and De Luca, 1985). 
Physiograph - A machine used to display motor unit 
action potentials. 
Proximal - "Nearest to the point of reference" 
( Anrhe im, 1989) . 
Q Angle - The angle formed in the frontal plane at the 
knee between the femur and the tibia. 
Retrograde Stair Climbing - The subject stands with 
his/her back to the front of the machine. 
Surface Electrodes - Electrodes that are in contact 
with the surface of the skin. 
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Synchronization - "The term which describes the 
tendency for a motor unit to discharge at or near the 
time that another motor unit discharges. It, 
therefore, describes the interdependence or entrainment 
of two or more motor units" (Bamajian and De Luca, 
1985). 
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CHAPTER 2 
REVIEW OF RELATED LITERATURE 
Stair climbing machines have become a popular item 
in fitness/health clubs (Burfoot, 1991; Consumer 
Reports, 1992; DeBenedett, 1990; Sussman, 1990; and 
Williams, 1989). The work on a stair climber is done 
by the body~s large muscle groups in the back, 
buttocks, and legs. In 1988 many stair climbing 
machines were marketed for private home use. Both ll.......S..... 
News & World Report (June 18, 1990) and Consumer 
Reports (May 1992) reviewed these machines. Some 
lower-priced machines are CSA E541, Spirit 766 UBC, 
Lifestyler 3000p, and Tunturi C614. Some high-priced 
stair climbing machines are StairMaster 4000 PT and 
VersaClimber CL-108HP. The StairMaster 4000 PT is 
listed as the best of the high-priced stair climbing 
machines at $2,195 (Consumer Reports, 1992). 
For the present investigation the StairMaster 4000 
PT was chosen for several reasons. First was the 
investigator~s familiarity with the StairMaster 4000 PT 
machine. Second was the author~s natural curiosity 
about the differences between forward and retrograde 
stair climbing. The StairMaster 4000 PT machine was 
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chosen because of the availibility of these machines in 
the Student Recreation Center at Eastern Illinois 
University. 
What is the StairMaater 4000 PT Exercise System? 
The StairMaster 4000 PT Exercise System Owner's 
Manual states: 
The Stairmaster 4000PT Exercise system is 
a vertical climbing machine which provides an 
aerobic workout equivalent to climbing stairs 
without the inertial loads and skeletal 
trauma common to most aerobic activities. 
The StairMaster 4000 PT Exercise System 
features computer-controlled speeds from 26 
steps/minute to 138 steps/minute based on 8 
inch steps. The faster the speed, the 
greater the intensity level at which a person 
is working. At the conclusion of the 
completed workout, the computer console 
displays the number of calories burned while 
exercising, the equivalent number of floors 
climbed, and the equivalent number of miles 
ran. 
The 4000 PT Exercise System strengthens 
and conditions the heart along with the 
following lower body muscle groups: Erectus 
Spinae Group, Gluteus Medius, Gluteus 
Maximus, Tensor Fascia Latae, Iliopas, Hip 
Abductors, Hip Adductors, Quadriceps Group, 
Hamstrimg group, Gastrocneumiua, and Soleus. 
Butts, Dodge, and McAlpine (1993) conducted a study 
on the differences in energy costs for a random pace 
and a cadence pace on the StairMaster 4000 PT machine. 
In the random pace trial "the aujects stepped at their 
own natural, self-determined rate and distance similar 
to that typically observed in fitness centers." In the 
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cadence trial the subjects stepped to the rate of a 
metronome at the predetermined StairMaster 4000 PT 
machine stepping rate. They used 14 males and 14 
females exercising for five minutes at four different 
work rates (5, 7, 9, and 11). There was no significant 
difference in energy costs of the random and the 
cadence trials. The estimated METa by the StairMaster, 
Inc. was significantly lower than that of the actual 
values found in this study. 
Mµscle Action Oyeryiew 
Movement of the skeletal system is obtained by the 
contraction of skeletal muscles that are connected to 
the bones of the skeletal system by tendons. It was 
not until 1740 A.D. that it was discovered that an 
electrical stimulation would make a muscle contract. 
This discovery helped advance the field of kinesiology 
and led the way to the invention of electromyography 
and the use of it by kinesiologists. This study uses 
EMG to analyze the differences in muscle activity 
between forward and retrograde stair climbing on the 
StairMaster 4000 PT machine. 
Electromyography 
"Electromyography is the study of muscle function 
through the inquiry of the electrical signal the 
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muscles emanate" (Basmajiam and DeLuca, 1985). 
Basmajian and DeLuca discuss the beginnings of EMG and 
state that Leonardo da Vinci is acknowledged as the 
father of modern anatomy. The study of kinesiology has 
progressed over the last 327 years from a study of 
muscle attachments to a study of the contaction of 
those muscles through an electromyographic analysis . 
.laQ.1 -- Piper employed the first metal surf ace 
electrode . 
.lal8. -- Baines, the first biomedical engineer, was the 
first to formalize the theory of how impulses were 
moved through the nerve trunk. His theory was called 
the cable theory. 
l.a2Q. -- Forbes and Thacher used the cathode ray tube 
(invented in 1897) to amplify action potentials in 
conjunction with a string galvanometer . 
.la2.8 -- Proebster was the first to successfully detect 
a signal from a dysfunctional muscle . 
..la2.a -- Introduction of the needle electrode by Adrian 
and Bronk . 
.lSA.4 -- A Nobel Prize was awarded to Gasser and 
Erlanger from a state interpretation of the action 
potentials which were able to be observed and 
recorded. 
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~ -- Inman et al published the first paper which 
gained wide acceptance with their work dealing with the 
shoulder region and its movements . 
.laf2Q -- Stable silver-silver chloride surface electrode 
and the non-obtrusive inserted wire electrode 
appeared. 
(Basmajian and DeLuca, 1985) 
Surface Electrodes with Electromyography 
The electrodes became the interface between the 
muscle and the physiograph through which 
electromyographic readings were expressed. EMG is the 
process of recording muscle action potentials which are 
transmitted from the motor units to a myograph through 
the electrodes and physiograph. 
Surface Electrodes 
Surface electrodes are commonly used in 
kinesiological investigations. They are quick and easy 
to apply, can be applied without medical supervision, 
give almost no discomfort and pain to the subject, and 
have a fairly good reproducibility (Jonsson and 
Riechman, 1968; and Komi and Buskirk, 1970). In a 
study by Giroux and Lamontagne (1990) a day-to-day 
reliability of surface electrodes was compared to 
intramuscular wire electrodes. The correlation was 
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greater for surface electrodes (r=0.92) than for 
intramuscular wire electrodes (r=0.31). 
Size of Recording Electrodes 
According to Wee and Ashley (1990), the most 
frequently used type of surface electrode is circular 
in shape and 10 mm in diameter. However, there has not 
been a conclusive study showing that this size and type 
of electrodes is superior to other types of surface 
electrodes. Zipp (1982) suggests that with surface 
electrodes the electrode size and interelectrode 
distance should be proportional to the size of the 
muscle being investigated. Wee and Ashley (1990) in 
their study found no significant difference in small 
variations in the electrode size from the standard 10 
mm diameter circular type of electrode when looking at 
compound muscle action potentials. 
Positioning of the Recording Electrodes 
Zipp (1982) reports that "every investigator 
concerned with surface electrodes has faced the problem 
of where to place the electrodes in order to obtain 
myoelectric signal from a specific muscle. Presumably 
every EMG laboratory has developed its own standards of 
lead placement, however, this knowledge is hardly ever 
published." Zipp makes the following recommendations: 
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1. Use electrodes and spacing of these electrodes 
to correspond to the size of the muscle. Small 
electrodes and narrow spacing for small muscles and 
large electrodes and wide spacing for large muscles. 
2. Locate the ground electrode at a place of 
minimal electrical interference close to the recording 
electrodes. Wee and Ashley (1989) mention that proper 
grounding is important from the standpoint of 
electrical safety as well as for the acquisition of 
relatively clean and artifact-free recording. 
3. If major movement is expected, then the 
electrode should be attached while the subject is in an 
intermediate range of motion required for the task. 
This will minimize strain on the electrode attachment. 
Make sure that the space between the electrodes does 
not become too narrow as the muscle shortens from 
contraction. Finally, provide additional attachment 
for large movements and/or perspiration. 
Stair Climbing 
During stair climbing, the lower limb functions 
vary from level walking, primarily because of the 
necessity to raise or lower the body while effecting 
progression to another stair level. This results in 
increased demands on the duration and intensity of 
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muscular activity (Andriacchi, Anersson, Fermier, 
Stern, and Galante, 1980; Laubenthal, Smidt, and 
Kettelkamp, 1972). James and Parker (1989) conducted 
an EMG study of ascending and descending stairs, 
investigating the rectus femoris, vastus medialis, 
biceps femoris, tibialis anterior, and medial 
gastronemius of twenty elderly men and women, and 
compared them to younger men and women from other 
studies (Andriacchi, et al, 1980; Joseph and Watson, 
1967; and Townsend, Lainhart, and Shiavi, 1978). James 
and Parker (1989) found that the biceps femoris 
displayed the greatest level of atypical activity when 
observations for younger men and women were compared to 
observations of elderly men and women. This may be 
explained by the fact that the biceps f emoris plays a 
greater role in knee stabilization required in elderly 
men and women. 
Uses For Step Ergometry 
Testing 
The popularity of stair climbing machines (stair 
ergometry) is continually increasing in health clubs 
and there is a constant demand for these machines 
(DeBenedett, 1990; and Williams, 1989). Stair climbing 
is popular because the work on a stair climber is being 
-18-
done by the body~s large muscle groups in the back, 
buttocks, and lower legs. "People may find that a 
high-intensity workout can be achieved more quickly and 
maintained longer," says Michael L. Pollack, PhD, 
professor of medicine at the University of Florida 
Medical School in Gainesville (DeBenedett, 1990). 
Hooland, Hoffmann, Vincet, Mayers, and Caston (1990) 
conducted a study looking at the differences in 
physiological responses between the treadmill and 
steptreadmill ergometry. They found no significant 
differences in peak physiological responses between the 
two machines. Test-retest reliability for the 
steptreadmill was determined, the correlation 
coefficients ranged from .83 (p=.05) for V02 to .99 
(p=.01) for heart rate. They determined that 
steptreadmill ergometry is a viable alternative mode 
for testing and/or training for young healthy men and 
women. In addition, there are certain situations such 
as orthopedic proplems where the steptreadmill would be 
a more appropriate form of training. 
Task Specific Trainina 
Ben-Ezra and Venstraete (1988 & 1991) conducted 
several studies using firefighters on a stair climbing 
machine. Since firefighters climb stairs in burning 
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buildings, it seems very logical for firefighters to 
train on a step ergometer. This could be more 
advantageous than typical programs (ie. running or 
biking) due to specificity of training. Specificity of 
training is defined as "Training programs having to be 
relevant to the demands of the event for which the 
person has been trained. Such demands include (1) the 
predominant energy system(s) involved, and (2) the 
movement patterns and the specific muscle groups 
involed" (Mathews and Fox, 1976). The concept of 
specificity of training is well-established and should 
be considered in the case of training for 
firefighters. 
Rehabilation 
The StairMaster 4000PT machine has also been used 
in rehabilitation of Anterior Cruciate Ligament (ACL) 
reconstruction, lower limb injuries, and shoulder 
injuries. There are several different protocols for 
use of the StairMaster 4000 PT in ACL rehabilitation. 
One protocol suggests starting use of the StairMaster 
4000 PT sometime between 2-3 weeks for an accelerated 
program (Shelbourne and Paul, 1990) and another 
protocol suggests beginning on the StairMaster 4000 PT 
at 4-6 weeks for a modified accelerated program (Draper 
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and Ladd, 1993). Both of these programs specify only 
forward stair climbing. To increase proprioception in 
the lower extremity Bunton, Pitney, Kane and Cappaert 
(1993) recommend that forward and retrograde stair 
climbing is one set of exercises that can be done in a 
rehabilition that requires increasing proprioception to 
reach rehabilition goals. Proprioception is defined as 
the body·s ablity to balance itself through stimuli 
reserved from the body. Stone, et. al. (1993) suggest 
that one exercise for a patient to do is "riding" the 
StairMaster 4000 PT machine with arms instead of legs 
when rehabilitating. 
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CHAPTER 3 
METHODOLOGY 
As the popularity of fitness increases, an 
expansion in the variety of exercise equipment to match 
the demands of the people exercising has increased. 
The stair climbing machines represent one new type of 
exercise equipment developed for public use in the last 
ten years. The boom in the development of new 
equipment has not been matched by research concerning 
the effects/benefits of these machines. The 
Stairmaster 4000 PT is one such machine. This study 
was designed to examine possible differences in muscle 
activation, muscle duration, and muscle activation 
cycling between a forward and retrograde position on 
the Stairmaster 4000 PT. 
Subjects 
Twenty-one apparently healthy volunteer 
subjects were obtained for this study from two Physical 
Education Department classes, from the Physical 
Education faculty, from Eastern Illinois University 
Recreation Center staff, and from Charleston Rotary 
Pool staff. There were two groups. One group was made 
up of ten males, the other of eleven females. Both of 
these groups were then randomly assigned to one of two 
subgroups. There were six male volunteers randomly 
divided into Subgroup A, who, during testing, went in a 
forward position and then in a retrograde position. 
There were four male volunteers randomly assigned to 
Subgroup B, who, during testing, climbed in a 
retrograde and then in a forward position. Five female 
volunteers were randomly assigned to Subgroup C, whose 
initial position was in a forward position and then in 
a retrograde position. Six female volunteers were 
randomly assigned to Subgroup D, who, during testing, 
started in a retrograde position and then in a forward 
position. 
The following data were obtained from the 
subjects: weight, leg length, Q-angle, activities 
questionnaire, and consent form (see Appendices A - C). 
Leg length was measured using procedures given 
by Hartley (1991): 
Stand at the end of the plinth (table) and ask 
the subject to flex the knees and to lift the 
pelvis off the plinth about 4 inches, then drop. 
Extend the subject·s legs and then measure the 
distance from the anterior superior iliac spine to 
the medial malleolus bilaterally. (See Fig. 2) 
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Fig. 1 Leg length measurement test 
(Hartley, 1991) 
Q-angle was measured with a goniometer using 
procedures given by Hartley (1991): 
With the subject in the supine position with 
the knees extended, you can measure the Q-angle 
with a goniometer. 
One arm of the goniometer lines up with the 
anterior superior iliac spine. The center of the 
goniometer is on the center of the patella; the 
other arm of the goniometer is lined up with the 
tibial tubercle. 
The quadricep should be relaxed. (See Fig. 2) 
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Fig. 2 Q-angle measurement 
(Hartley, 1991). 
Methods 
The subjects were required to attend two sessions. 
The first was an orientation to forward and retrograde 
stair climbing on the StairMaster 4000 PT machine. The 
first session was also used to obtain weight, leg 
length, Q angle, and information from the activities 
questionnaire. The study was explained to the 
subjects~ and consent forms were completed. The 
subjects were then randomly assigned to one of the two 
subgroups according to gender. The electromyographic 
data were obtained at the second meeting. Both 
meetings took place in the Student Recreation Center at 
Eastern Illinois University. 
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Testina Proceciures 
Weight for each subject was measured during the 
first meeting and just prior to testing at the second 
meeting. The computer on the StairMaster 4000 PT uses 
the weight to standardize the resistance and therefore 
the work load. The weight that is programed into the 
StairMaster 4000 PT machine should be as close to the 
subject~s true weight as possible in order to keep the 
resistance controlled throughout the study. 
Muscles selected were the right biceps femoris, 
right rectus femoris, and right vastus-medialis. Only 
the right lower extremity muscles were used in order to 
increase consistency in electrode application. The 
site where the electrodes were to be placed was 
determined by finding the belly of the muscle when an 
isometric contraction of the muscle occurred. There 
was an interelectrode distance of 5 mm between the two 
active electrodes. The reference electrodes were 
placed on the lateral side of the right ankle 5 mm 
distal to the medial malleolus due to the lack of 
musculature at this site. 
The dead surface layer of skin and oils were 
removed for placement of surface electrodes. Hair was 
first removed with a razor. Each subject used a 
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different razor to prevent spread of infectious 
diseases. The skin was abraded with fine sandpaper and 
finally cleaned with an alcohol solution. 
The electrodes used in the study were 
Narco-Biosystems 710-0049 surface electrodes which were 
10 mm in diameter. Before each application of the 
electrodes, they were cleaned with an alcohol solution. 
Double adhesive washers (Lafayette Instrument Co.) were 
then placed on the electrodes and a electrical 
conductive paste was put in the center. These washers 
helped keep the electrodes in place over the selected 
site. The washers were Lafayette Instrument Co., model 
number 7671. Electrode gel used was Sign Gel #NHRIC 
0341-0015-25 from Parker Laboratories, Inc. located at 
Orange, NY. Gel was sparingly placed on each electrode 
to aid in the conduction of electrical current from the 
skin to the electrode. Two electrodes were placed 
longitudinally at each selected site, and the third 
electrode was placed just distal to the right medial 
malleolus (See Fig. 3) 
The feet in forward stair climbing were placed so 
that the heel of the subjects was at the back edge of 
the pedal on the StairMaster 4000 PT. (See Fig. 4) 
-27-
Rectus 
Femoris 
.Biceps 
Femoris 
Reference-Electrodes: 
Je:nE~ vashs~~ 
Bia=E:s Rm::ris 
Fig. 3 Electrode placement 
The feet in retrograde stair climbing were placed 
so that the heel of the subjects was at the front edge 
of the pedal on the StairMaster 4000 PT. (See Fig. 5) 
A cycle was defined as the downward motion of the 
foot pedal to activate the electronic sensor until it 
is activated again with a downward motion of the same 
foot pedal. (See Fig. 6) The electronic sensor on the 
right side of the StairMaster 4000 PT was used for the 
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Fig. 4 Foot placement on forward stair climbing. 
Fig. 5 Foot placement on retrograde stair climbing. 
p s s s p s 
Midpoint Bottom Midpoint Top Midpoint 
P=Pedal 
S=Sensor 
Fig. 6 Cycle of movement. 
forward position, while the electronic sensor on the 
left side was used for the retrograde position. (See 
Fig. 7 and 8) The electronic sensor height was 
27.5 cm. 
The data was collected with the StairMaster 4000 PT 
set on level 7. A one and a half-minute adjustment 
period was allowed before recording ten cycles for each 
muscle in the first position. A five-minute rest 
between the two different testing positions was 
maintained for all subjects. A one and a half-minute 
adjustment period was allowed before ten cycles where 
recorded for each muscle in the second position. In 
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both positions, the subject was only allowed to use 
his/her hands for balance. 
Fig. 7 Positioning of electronic sensors. 
Fig. 8 Equipment set-up 
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Equipment 
Pbysioiraph Machine 
The equipment used to record the muscle action and 
consisted of: 
1. Physiograph Mk-III-S, serial # 134 ML, Narco 
Bio-systems, Incorporated, Houston, Texas. 
2. Universal Coupler, type 7189, Narco 
Bio-systems, Incorated, Houston, Texas. 
3. Physiograph Pen Motor, P/N 716-0067, Serial 
Numbers 2025 MH, 2036 MH, and 2023 MH, Narco 
Bio-systems, Incorporated, Houston, Texas. 
4. Paper Control, Physiograph MK II, Serial Number 
847 MG,Narco Bio-systems, Imcorated, Houston, Texas. 
5. Physiograph Four "Recticurve" Recording "Four" 
Paper, Narco Bio-systems, Incorporated, Houston, 
Texas. 
6. Physiograph Red Ink, part number 713-0003, 
Narco Bio-systems, Incorporated, Houston, Texas. 
Steptreadm.ill 
The StairMaster 4000 PT Machine, Stairmaater 
Sports/Medicine Product, Inc., Kirkland, Washington, 
was used to test subjects in this study. (See Fig. 9) 
The console was used to enter data on weight, program 
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selection, and length of time for exercise. (See Fig. 
10) After weight was entered, the program "manual 
control" was selected. Five minutes were entered for 
each position although the total amount of time was not 
used. Approximately three to four minutes of that time 
was used. 
Fig. 9 Stairmaster 4000 PT 
(Owner·s Manual, 1990). 
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Fig. 10 Stairmaster 4000 PT Console 
(Owner~s Manual, 1990). 
Electronic Sensor 
KEYPAD 
••• ••• ••• ••• ••• ••• 
••• t!+ 
The photosensor/source was attached to the pedal of 
the exercise equipment and a stationary reflective 
"target" was positioned to reflect the light from the 
built-in source onto the sensor. When the light was 
reflected from the target, the output from the 
photosensor energized relay Kl. Relay Kl consisted of 
two sets of contacts. One set of contacts provided a 
switch closure for the physiograph marker circuit and 
the other set of contacts turned on a red LED. This 
LED provided a visual indication that the target was 
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detected by the sensor and that the relay energized. 
Two such circuits were built enabling both pedals to be 
monitored without having to change the setup. The 
investgater selected which pedal was to be monitored. 
(See Fig. 11) (Terry Ramsey, Faculty Assistant, 
Eastern Illinois Univesity, July 1993) 
Parts List: 
Ul 
Kl 
CRl 
Manufacture~s 
Part No. 
OMRON EE-SB5V 
OMRON G2VN-287P-US 
PANASONIC LN21RPHL 
Digi-key 
Stock No. 
OR506-ND 
Z300-ND 
P300 
Rl and R2 are 1/4 watt, 5%, carbon resistors. 
(Terry Ramsey, 1993) 
r -- -
I 
I 
L ___________ ..J 
'-11 
Fig. 11 Electronic sensor. 
(Terry Ramsey, 1993) 
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Design and Collection of Data 
A repeated measures design was chosen for use in 
this study. Forward and retrograde stair climbing were 
the two positions tested at a level of 7 on the 
StairMaster 4000 PT machine. Level 7 was chosen 
because it is a moderate work rate at which most people 
will be able to exercise for the duration of the study 
requirements. The surface electrodes were placed in a 
longitudinal position with an interelectrode distance 
of 5mm. 
A quilters Square from EZ International of Saddle 
Brook, NJ, was used to create the straight 90 degree 
lines of the cycles. Small lines were then placed on 
one the EMG readings to signify whether the muscles 
were "On" and "Off". "Off" was determined by where 
there was little or no deviation from the base line. 
"On" was everything that was not "Off." "Initiation" 
time wass defined as the start of the "On" time 
occurring after an "Off" time during each cycle. This 
was chosen due to the fact that the muscles were for 
the most part "On" at the start of the cycle. "Average 
Mean Amplitude" (AMA) is the total sum of the heights 
of the spikes in the "On" time section divided by the 
number of those spikes. The evaluation of the raw EMG 
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data was done with a Dial Caliper from K-D Mfg. Co. of 
Lancaster, PA. The dial caliper has an accuracy of 
.001 inches. "On", "Off", and "Initiation" time were 
measured along the length of the paper. The paper 
speed was 5 cm/sec. For "On", "Off", and "Initiation" 
time the AS-EASY-AS worksheet converted inches into 
centimeters and finally into seconds. For the AMA the 
AS-EASY-AS worksheet converted inches into centimeters. 
(See Appendix C) 
AS-EASY-AS Version 4.000 is from Trius, Inc of 
North Andover, MA. Each subject had his/her own 
worksheet that was stored by his/her I.D. number. The 
totals from each worksheet were placed on a worksheet 
with only totals on it. (See Appendix D for set-up) 
This Totals.worksheet was given to Testing Services at 
Eastern Illinois University. Doug Bower converted this 
worksheet to Lotus 1-2-3 for DOS Release 2.3 from Lotus 
Development Co. of Cambridge, MA. Dr. David Dodd 
converted this file to SPSS X from SPSS, Inc. of 
Chicago, IL. 
Statistical Analysis 
The descriptive data was analyzed using the Stat 
View TM SE+ Graphics from Abacus Concepts, Inc. of 
Berkeley, CA. A repeated measures design was used to 
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analyze On Time in seconds and percentage, Off Time in 
seconds and percentage, Initiation Time in seconds, and 
AMA in centimeters. A MANOVA using SPSS Release 4.1 
was preformed by Dr. David Dodd at Eastern Illinois 
University Testing Services. 
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CHAPTER 4 
ANALYSIS OF DATA 
This study was designed to investigate any 
differences in EMG analysis of forward and retrograde 
stair climbing on the StairMaster 4000 PT machine in 10 
male and 11 female subjects. A constant work rate of 
level 7 was chosen. EMG recordings were taken after a 
one and a half-minute workout for approximately thirty 
seconds for three right leg muscles for each exercise 
position. 
FindiniB 
Descriptive Statistics 
Twenty-four volunteers participated in this study. 
Data from twenty-one volunteers were used due to 
movement artifact, insufficent recordings, or inablity 
to make it to the second testing session. Individual 
data may be found in Appendix D. 
Aie. Lei Length. Q-angle. and Weiaht 
Subjects were divided into two groups of 10 males 
and 11 females. The male subjects were between the 
ages of 20 and 47 years. The mean age for the male 
subjects was 27.6 years with a standard deviation·of 
8.2 years. The female subjects were between the ages 
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of 21 and 44 years. The mean age for the female 
subjects was 26.5 years with a standard deviation of 
6.5 years. 
All subjects were measured to obtain leg length, 
Q-angle, and weight. The leg length for the male 
subjects ranged from 88 to 99.5 centimeters with a mean 
value of 92.6 centimeters and a standard deviation of 
3.3 centimeters. The leg length for the female 
subjects ranged from 77 to 93 centimeters with a mean 
value of 84.9 centimeters and a standard deviation of 
4.5 centimeters. The Q-angle for the male subjects 
ranged from 150 to 166 degrees with a mean value of 
160.4 degrees and a standard deviation of 4.8 degrees. 
The female subjects had Q-angle values ranging from 150 
to 166 degrees with a mean value of 159.7 degrees and a 
standard deviation of 4.6 degrees. Finally, the male 
subjects had a weight range of 147 to 196 pounds with a 
mean value of 174.5 pounds and a standard deviation of 
15.4 pounds. The female subjects had a weight range of 
101 to 169 pounds with a mean value of 129.7 pounds and 
a standard deviation of 19 pounds. 
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Electromyography 
Gender Differentences 
There were no significant differences between 
forward and retrograde strair climbing due to gender. 
See Appendix F for the probability scores between 
genders. Since there is no difference between genders, 
the total sum of data for twenty-one subjects was 
analyzed together. 
A t-test was performed to evaluate the possible 
difference in Q-angle. In a mormal popualtion the 
females will have a significantly larger Q-angle than 
the male population. The t-test on the Q-angle was 
signigicantly different showing that the sample was 
representative of the normal population. 
Position Differences 
There was a significant difference in values for On 
Time (sec), On Time (%), Off Time (sec), and Off Time 
(%) for the Rectus Femoris in forward versus retrograde 
stair climbing. This signifies that the Rectus Femoris 
had a longer On Time and shorter Off Time in the 
retrograde position. However, there was no significant 
difference in Initiation Time. (See Table 1) 
On Time (sec), On Time (%), Off Time (sec), and Off 
Time (%) were all significant at the p<.05 for the 
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Vastus Medialis. This indicates a longer On Time and 
shorter Off Time for the Vaatua Medialis in the 
retrograde position. There was no significance 
difference found in Muscle Initiation Time. 
Table 1 
Means of EMG Data for the Rectus Femoria 
Analysis Forward Retrograde 
On Time (sec) 0.430 0.514* 
On Time (%) 42.21 53.18* 
Off Time (sec) 0.559* 0.457 
Off Time (%) 55.48* 46.99 
Initiation Time 
(sec) 0.642 0.626 
* significant at p<0.05 
Table 2 
Means of EMG Data for the Vastus Medialis 
Analysis Forward Retrograde 
On Time (sec) 0.474 0.508* 
On Time (%) 48.64 53.15* 
Off Sec (sec) 0.506* 0.462 
Off Time (%) 50.87 46.98 
Initiation Time 
(sec) 0.620 0.645 
* significant at p<0.05 
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A significant difference (p<.05) was found for On 
Time (%), Off Time (sec), and Off Time (%), indicating 
that the Biceps Femoris was contracting a greater 
portion of the time and the Biceps Femoris was relaxing 
a lesser portion of the time in the retrograde 
position. No signigicant differences were found 
between On Time (sec) and Initiation Time. 
Table 3 
Means of EMG Data for the Biceps Femoris 
Analysis Forward Retrograde 
On Time (sec) 0.633 0.670 
On Time (%) 65.20 70.30* 
Off Time (sec) 0.366 0.294 
Off Time (%) 36.05* 29.46 
Initiation Time 
(sec) 0.576 0.629 
* significant at p<0.05 
There was a significant difference in intensity as 
measured by Average Mean Amplitude in the males and 
when both of the groups (males + females) where 
analyzed together. (See Table 4) Males· Average Mean 
Amplitude was significantly greater in the retrograde 
position in the Rectus Femoris and Vastus Medialis. 
When analyzed together (males and females), there was a 
significant difference in the retrograde position with 
a greater Aveage Mean Amplitude in the Rectus Femoris 
and Vastus Medialis. The was no difference in males 
for the Biceps Femoris; females for the Rectus Femoris, 
Vastus Medialis, and Biceps Femoris; and both for the 
Biceps Femoris. 
Means of EMG Data for Average Mean Amplitude (cm) 
Gender Muscle Forward Retrograde 
Male Re ct us Femoris 0.314 0.384* 
Female Rectus Femoris 0.274 0.330 
Both Rectus Femoris 0.293 0.355* 
Male Vastus Medial is 0.731 0.821* 
Female Vastus Medial is 0.637 0.701 
Both Vastus Medial is 0.679 0.755* 
Male Biceps Femoris 0.174 0.148 
Female Biceps Femoris 0.175 0.159 
Both Biceps Femoris 0.175 0.155 
* significant to p<0.05 
Discussion 
Data for muscle contraction and muscle relaxation 
time of three muscles; the rectus femoris, vastus 
medialis, and biceps femoris; was evaluated in total 
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seconds and percentage of on and off time. This was 
due to the fact that there were some differences in 
cycle time that was not statistically significant. For 
example, a change in cycle time in the forward (0.888 
seconds) or retrograde (0.740 seconds) position with a 
close to constant muscle relaxtion time would give a 
longer muscle contraction. This would give a 
significant value for muscle contraction duration for 
both total seconds (Forward=0.646 sec & 
Retrograde=0.515 sec) and percentage of time 
(Forward=72.5% & Retrograde=69.5%). But it would be 
found that that the muscle relaxation duration for 
total seconds (Forward=0.238 sec & Retrograde=0.222 
sec). It may be found that off time percentage 
(Forward=26.9% & Retrograde=30.0%) would be 
significantly different. 
The data suggests that the retrograde position 
gives a greater portion of off time duration for the 
rectus femoris, vastus medialis, and biceps femoris. 
The data also suggests that the forward position gives 
a greater portion of muscle relaxation duration. 
Finally, there is indication that in the retrograde 
position there is a stronger muscular contraction in 
the rectus femoris and vastus medialis. 
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There are differences in relation to pedal movement 
in forward and retrograde stair climbing on the 
StairMaster 4000 PT machine. The machine's pedals, 
move at an angle towards the rear of the machine. So 
in the forward position the pedal moves back behind the 
person. This models a person climbing a flight of 
stairs forwards for which this machine was built. In 
the retrograde position the pedal moves in front of the 
subject. This models a subject climbing a flight of 
stairs backwards. 
Benefits of a retrograde position considered are as 
follows: 
1. If the stair climber's goal was a greater 
contraction duration in major muscles, the retrograde 
position would allow a longer on time for the rectus 
femoris, vastus medialis, and biceps femoris. 
2. If the stair climber's goal was to 1et a more 
intense muscle contraction, the retrograde position 
would allow a greater muscular intensity in the rectus 
femoris and vastus medialis. 
Therefore, the stair climber will get a greater 
muscular intensity for a greater portion of the muscle 
contraction time in the retrograde position. In 
actuallity the stair climber would find it hard to 
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sprint up stairs backwards. The StairMaster 4000 PT 
machine allows the stair climber to work out at a 
greater work load in this situation. 
Benefits of a forward position considered are as 
follows: 
1. If the stair climber~s goal was a lesser 
contraction duration in major muscles, the forward 
position would allow a longer off time for the rectus 
femoris, vastus medialis, and biceps femoris. 
2. If the stair climber~s goal was to get less 
intense muscle contraction, the forward position would 
allow a greater muscular intensity in the rectus 
femoris and vastus medialis. 
Therefore, the stair climber will get less muscular 
intensity for a smaller on time portion in the 
retrograde position. In effect, the stair climber 
could find a flight of stairs to climb. The 
StairMaster 4000 PT machine allows the stair climber to 
control the intensity of the work out and objective 
data for evaluation. 
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CHAPTER 5 
SUMMARY, CONCLUSIONS, RECOMMENDATIONS 
Summary 
In this study, two positions on the StairMaster 
4000 PT machine were compared to determine which 
position provides a greater muscle involvement in terms 
of muscle contraction time ("On" and "Off" Times), 
muscle intensity (AMA), and Muscle Initiation Time 
(MIT). Three muscles (rectus femoris, vastus medialis, 
and biceps femoris) where evaluated with EMG tracing 
obtain for each position for each subject. Possible 
gender effects were also investigated. A difference 
between positions and genders was expected. The 
expected difference in genders was due to normal 
population differences in Q-angle. A larger Q-angle 
increases proplema with patellar tracking. Poor 
patellar tracking effects the working ablity of the 
quadricep muscles. 
Ten males and eleven females subjects partcipated 
in the study. The male subjects ranged in age from 20 
to 47 years. The females ranged in age from 21 to 44 
years. All twenty-one subjects were apparently 
healthy. Seven of the subjects were members of an 
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undergraduate Physical Education class at Eastern 
Illinois University. Six of the subjects were members 
of a graduate Physical Education class. Three of the 
subjects were graduate students at Eastern Illinois 
University. Three of the subjects were lifeguards at 
the Charleston Rotary Swimming Pool. Two of the 
subjects are professors in the Physical Education 
Department at Eastern Illinois University. 
Each subject performed two tests, one in the 
forward position and one in the retrograde position. 
Each subject was randomly assigned to subgroups 
according to gender. The subgroup determined in which 
position the subject was first tested. Each test 
lasted no more than five minutes with five-minute rest 
between tests. EMG recordings started at one and one 
half-minutes into the exercise. 
There were no statistically significant differences 
found in the time at which the muscle contraction was 
initiated for any of the three muscles. However, the 
retrograde position of stair climbing resulted in 
signigicantly a greater "On" Time duration in seconds 
and percentage values for the rectus femoris and vastus 
medialis. The biceps femoris also had a significantly 
longer "On" Time duration (%) for the retrograde 
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position. The forward position gave a greater "Off" 
Time duration in seconds and percentage values for the 
rectus femoris vastus medialia, and biceps femoris. 
The forward position gave a greater "Off" Time duration 
in seconds for the vastus medialis. The "On" and "Off" 
Time values for rectus f eoria and vastus medialis would 
suggest that they were contracting proportionally 
longer in the retrograde position than in the forward 
position. The "On" Time percentage value for the 
biceps f emoris suggests that the muscle is contracting 
a greater portion of the retrograde cycle even though 
the total time of contraction is not statistically 
different. The "Off" Time values for the biceps 
femoris suggest that it is relaxing a greater portion 
of the time during forward stair climbing on the 
StairMaster 4000 PT machine. 
The measure of muscle contraction intensity was 
Average Mean Amplitude (AMA). Each gender was 
evaluated separately and together. There was no 
differences found in the females and the biceps f emoria 
of the males and together categories. There were a 
statistically significant difference for the retrograde 
position in the rectus femoris and the vastus medialis 
for the males and together categories. Even though the 
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values for the rectus femoris (p=.120) and the vastus 
medialis (p=.178) are not significant to the p=.05, the 
reader must decide if this is a clinicly significant 
difference for the retrograde position. The data 
suggests that there is a greater muscle contraction 
intensity in the retrograde position for the rectus 
femoris and vastus medialis. Further investigation is 
warranted. 
Since this was not a training study, it is not 
known if there is a training effect on motor learning 
acquisition in either the forward or retrograde 
positions. It is possible that motor learning may be 
effecting muascle patterns, intensity, and duration due 
an unfamilar motor movement. It is possible that after 
extended training, these values might change. 
Conclusions 
Baaed on the findings of this study, it was 
concluded that: 
1. There are no gender differences in forward and 
retrograde EMG analysis of the rectus femoris, vastus 
medialis, and biceps femoris. 
2. The retrograde position gives a greater On Time 
in seconds for the rectua femoris and vastus medialis. 
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3. The retrograde position gives a greater portion 
of On Time, as seen in the percentage value, for the 
rectus femoris, vastus medialis, and biceps femoris. 
4. The forward position gives a greater Off Time 
in seconds for the rectus femoris, vastus medialis, and 
biceps femoris. 
5. The forward position gives a greater portion of 
Off Time as seen in the percentage value for the rectus 
femoris, vastus medialis, and biceps femoris. 
6. There are no differences in Initiation Time for 
forward vs retrograde position. 
7. When all 21 subjects were analyzed together, 
there was a greater intensity found in the retrograde 
position for rectus femoris and vastus medialis. 
8. There was a greater intensity found in the 
retrograde position for males in the rectus femoris and 
vastus medialis. 
9. If there is no training effect difference 
between forward and retrograde strair climbing on the 
StairMaster 4000 PT machine, then the following is 
true: 
a. Forward stair climbing instead of 
retrograde stair climbing should be used if a 
shorter muscle contraction time, a longer 
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muscle relaxation time, and a lesser 
intensity of muscle contraction in the rectus 
femoris and vastus medialis is desired. 
b. Retrograde stair climbing instead of 
forward stair climbing should be used if a 
longer muscle contraction time, a shorter 
muscle relaxation time, and a greater 
intensity of muscle contraction in the rectus 
femoris and vastus medialis is desired. 
Recommendations 
Based on the findings of this study, the following 
recommendations were made: 
1. Repeat this study using computer analysis and 
cinematography equipment. 
2. Repeat this study analyzing all 18 muscles the 
StairMaster Company reports that the StairMaster 4000 
PT machine exercises. 
3. Analyze all 18 muscles during a forward and a 
retrograde workout. 
4. Analyze all 18 muscles at all 10 levels of 
exercise intensities on the StairMaster 4000 PT 
machine. 
5. Perform a training study to analyze forward vs. 
retrograde motor learning effects. 
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APPENDIX A 
CONSENT FORM FOR TESTING 
CONSENT FORM FOR TESTING 
I state that I am over eighteen years of age and 
agree to participate in this research study. This 
study is designed to determine if there is a difference 
in forward and retrograde stair climbing on the 
StairMaster 4000 PT machine. This study has been 
completely explained to me. I consent to the following 
testing: 
1. An orientation session that involves obtaining 
background information and stair climbing in a 
forward and retrograde position. 
2. I will report a second time for testing which 
will involve stair climbing on the StairMaster 
4000 PT in a forward and retrograde position. 
Electrodes for the EMG analysis will be placed 
on the abraded skin at three different 
locations. Application may cause skin 
irration in the form of redness, abrasion, or 
scabbing. 
Participation in this study is completely 
voluntary, data collected will be kept confidential. 
Reports of this study will include group data with no 
identification of individuals. I understand the I am 
free to withdraw from this study at any time. Any 
questions that I may have about this project will be 
answered by W. Lynette Rasmussen. I freely and 
voluntarily consent to participation in this study. 
Signature of Participant Signature of Witness 
Date 
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APPENDIX B 
ACTIVITIES QUESTIONNAIRE 
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ACTIVITIES QUESTIONNAIRE 
Personal Information 
Name ______________________________________________________ _ 
Date of Birth ____________________ __ 
Phone ______________ __ 
Address--------------------------------------------------~ 
City ________________ __ 
Zip ________________ __ 
Health Historv 
Have you ever had any injuries to your hips, knees, 
and/or ankles? (If Yes explain) 
Have you ever had arthritis? 
Have you ever experienced shortness of breath? 
Exercise Historv 
How often do you exercise in a week? 
What is the duration of your exercise session? 
What activities do you participate in when you 
exercise? 
How long have you participated in the above 
activities? 
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APPENDIX C 
SET-UP OF THE PROGRAM FOR THE WORKSHEET 
ON AS-EASY-AS 
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Column 
A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
p 
Q 
R 
s 
T 
u 
v 
w 
Information 
Forward On Time--RF 
Forward On Time--VM 
Forward On Time--BF 
Retrograde On Time--RF 
Retrograde On Time--VM 
Retrograde On Time--BF 
Forward Off Time--RF 
Forward Off Time--VM 
Forward Off Time--BF 
Retrograde Off Time--RF 
Retrograde Off Time--VM 
Retrograde Off Time--BF 
Forward Initiation Time--RF 
Forward Intiation Time--VM 
Forward Initiation Time--BF 
Retrograde Initiation Time--RF 
Retrograde Initiation Time--VM 
Retrograde Initiation Time--BF 
Forward Average Mean Amplitude--RF 
Forward Average Mean Amplitude--VM 
Forward Average Mean Amplitude--BF 
Retrograde Average Mean Amplitude--RF 
Retrograde Average Mean Amplitude--VM 
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Column Information 
x Retrograde Average Mean Amplitude--BF 
y Forward Cycle Time 
z Retrograde Cycle Time 
AA Forward % On Time--RF 
AB Forward % On time--VM 
AC Forward % On Time--BF 
AD Retrograde % On Time--RF 
AE Retrograde % On Time--VM 
AF Retrograde % On Time--BF 
AG Forward % Off Time--RF 
AH Forward % Off Time--VM 
AI Forward % Off Time--BF 
AJ Retrograde % Off Time--RF 
AK Retrograde % Off Time--VM 
AL Retrograde % Off Time--BF 
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Formulas Location 
@SUM(Al .. Al0)/$A$13 All thru Rll 
19.685 A13 
@SUM(Sl .. Sl0)/$8$13 Sll thru Xll 
.254 Sl3 
+(Al+Bl+Cl+Gl+Hl+Il)/$Y$13 Yl thru YlO 
3 Y13 
@SUM(Yl .. Y10)/$A$13 Yll & Zll 
+(Dl+El+Fl+Jl+Kl+Ll)/$Y$13 Zl thru ZlO 
+Al/Yl AAl thru AAlO 
@SUM(AA1 .. AA10)*$AA$13 AAll thru ALll 
10 AA13 
+Bl/Yl ABl thru ABlO 
lCl/Yl ACl thru AClO 
+Dl/Zl ADl thru ADlO 
+El/Zl AEl thru AElO 
+Fl/Zl AFl thru AFlO 
+Gl/Yl AGl thru AGlO 
+Hl/Yl AHl thru AHlO 
+Il/Yl Ail thru AilO 
+Jl/Zl AJl thru AJlO 
+Kl/Zl AKl thru AKlO 
+Ll/Zl ALl thru ALlO 
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APPENDIX D 
SET-UP OF TOTALS.WKS 
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Position Wording 
Al # 
Bl Gender 
Cl Forward 
Dl On Time 
El (sec) 
Fl Retrograde 
Gl On Time 
Hl (sec) 
Il Forward 
Jl On Time 
Kl (%) 
Ll Retrograde 
Ml On Time 
Nl (%) 
01 Forward 
Pl Off Time 
Ql (sec) 
Rl Retrograde 
Sl Off Time 
Tl (sec) 
Ul Forward 
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Position Wording 
Vl Off Time 
Wl (%) 
Xl Retrograde 
Yl Off Time 
Zl (%) 
AAl Forward 
ABl Init Time 
ACl (sec) 
ADl Retrograde 
AEl !nit Time 
AFl (sec) 
AGl Forward 
AG2 Cycle 
AG3 (sec) 
AHl Retrograde 
AH2 Cycle 
AH3 (sec) 
All Forward 
AJl AMA 
AKl (cm) 
ALl Retrograde 
AMl AMA 
ANl (cm) 
Position 
C3,F3,I3,L3,03,R3,U3,X3, 
AA3,AD3,AI3,AL3 
D3,G3,J3,M3,P3,S3,V3,Y3, 
AB3,AE3,AJ3,AM3 
E3,H3,K3,N3,Q3,T3,W3,Z3, 
AC3,AF3,AK3,AN3 
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Wording 
RF 
VM 
BF 
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APPENDIX E 
DATA CARTS OF SUBJECTS 
2 
3 
5 
8 
9 
18 
22 
23 
47 
71 
Age 
(yrs) 
20 
32 
23 
24 
22 
24 
22 
34 
47 
28 
Male Data Collected Before the 
Application of EMG Electrodes 
Leg Length 
(cm) 
93.0 
91.0 
90.5 
99.5 
90.0 
94.0 
94.5 
90.0 
88.0 
95.0 
Q-angle 
(degrees) 
170 
165 
162 
165 
171 
161 
168 
171 
174 
164 
Weight 
(lbs) 
179 
147 
196 
162 
174 
190 
171 
177 
159 
190 
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1 
4 
6 
7 
10 
11 
12 
13 
20 
29 
30 
Age 
Female Data Collected Before the 
Application of EMG Electrodes 
Leg Length Q-angle 
(yrs) (cm) (degrees) 
24 85.0 161 
24 81.5 164 
25 83.0 160 
23 77.0 164 
31 85.5 154 
22 93.0 166 
23 82.0 161 
44 88.0 158 
21 84.0 160 
28 84.0 150 
27 91.0 159 
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Weight 
(lbs) 
130 
124 
152 
107 
138 
169 
125 
125 
134 
101 
122 
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APPENDIX F 
GENDER DIFFERENCES 
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EMG Gender Difference Data 
Analysis Muscle p 
On Time (sec) Rectus Femoris .132 
On Time (sec) Vastus Medial is .448 
On Time (sec) Biceps Femoris .131 
Off Time (sec) Rectus Femoris .659 
Off Time (sec) Vast us Medial is .311 
Off Time (sec) Biceps Femoris .311 
On Time (%) Rectus Femoris .152 
On Time (%) Vastus Medial is .735 
On Time (%) Biceps Femoris .114 
Off Time (%) Re ct us Femoris .226 
Off Time (%) Vast us Medial is .437 
Off Time (%) Biceps Femoris .077 
Initiation Rectus Femoris .505 
Initiation Vast us Medial is .573 
Initiation Biceps Femoris .543 
AMA Rectus Femoris .745 
AMA Vastus Medial is .617 
AMA Biceps Femoris .700 
